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Summary
Background There are few data on the incidence of thrombosis among COVID-19 cases, with most research 
concentrated on hospitalised patients. We aimed to estimate the incidence of venous thromboembolism, arterial 
thromboembolism, and death among COVID-19 cases and to assess the impact of these events on the risks of 
hospitalisation and death.

Methods We conducted a distributed network cohort study using primary care records from the Netherlands, Italy, 
Spain, and the UK, and outpatient specialist records from Germany. The Spanish database was linked to hospital 
admissions. Participants were followed up from the date of a diagnosis of COVID-19 or positive RT-PCR test for 
SARS-CoV-2 (index date) for 90 days. The primary study outcomes were venous thromboembolic events, arterial 
thromboembolic events, and death, all over the 90 days from the index date. We estimated cumulative incidences for 
the study outcomes. Multistate models were used to calculate adjusted hazard ratios (HRs) for the association between 
venous thromboembolism or arterial thromboembolism occurrence and risks of hospitalisation or COVID-19 fatality.

Findings Overall, 909 473 COVID-19 cases and 32 329 patients hospitalised with COVID-19 on or after Sept 1, 2020, 
were studied. The latest index dates across the databases ranged from Jan 30, 2021, to July 31, 2021. Cumulative 
90-day incidence of venous thromboembolism ranged from 0·2% to 0·8% among COVID-19 cases, and up to 4·5% 
for those hospitalised. For arterial thromboembolism, estimates ranged from 0·1% to 0·8% among COVID-19 cases, 
increasing to 3·1% among those hospitalised. Case fatality ranged from 1·1% to 2·0% among patients with COVID-19, 
rising to 14·6% for hospitalised patients. The occurrence of venous thromboembolism in patients with COVID-19 
was associated with an increased risk of death (adjusted HRs 4·42 [3·07–6·36] for those not hospitalised and 1·63 
[1·39–1·90] for those hospitalised), as was the occurrence of arterial thromboembolism (3·16 [2·65–3·75] and 1·93 
[1·57–2·37]). 

Interpretation Risks of venous thromboembolism and arterial thromboembolism were up to 1% among COVID-19 
cases, and increased with age, among males, and in those who were hospitalised. Their occurrence was associated with 
excess mortality, underlying the importance of developing effective treatment strategies that reduce their frequency.

Funding European Medicines Agency.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction 
COVID-19 can result in thrombotic disease, both in the 
venous and arterial circulations, due to excessive 
inflammation, platelet activation, endothelial dysfunction, 
and stasis.1 Numerous studies have assessed risks of 
venous thromboembolism among patients hospitalised 
with COVID-19, with recent systematic reviews and meta-
analyses identifying more than 100 such studies.2,3 However, 
most of these studies were relatively small (with few 
including more than 1000 patients) and varied substantially 
in setting, design, and outcome definitions. Consequently, 
there has been substantial heterogeneity in results across 
previous studies. Across studies that did not use specific 
ultrasound screening, the prevalence of venous thrombo-
embolic events among patients hospitalised with COVID-19 
ranged from 0% to 37%.3 Similar heterogeneity was also 
seen for arterial thrombo embolism, with estimates varying 
from 1% to 18% for hospitalised patients.2

To date, studies of thromboembolism in patients with 
COVID-19 have focused almost exclusively on events 
among hospitalised patients, with the incidence of 
thromboembolism among cases of COVID-19 in 
general not yet known. The effect of thrombosis on 
prognosis and health outcomes is also yet to be 
described in detail. Although the prevalence of 
thromboembolism has been seen to be higher among 
patients admitted to intensive care units (ICUs),2,3 the 
timing of these events during the disease course and 
their association with worse outcomes have not been 
fully detailed.

Patient-related factors, such as older age, being male, 
hypertension, diabetes, and obesity, have all been 
associated with an increased risk of hospitalisation and 
death in COVID-19.4–10 Many of these factors have also 
previously been shown to predispose individuals to 
thromboembolic events in the general population.11,12 The 

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(22)00223-7&domain=pdf
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associations between patient characteristics and risks of 
thromboembolic events among patients with COVID-19 
have yet to be elucidated.

Study cohorts derived from routinely collected health-
care data can be used to further describe thrombo-
embolism in COVID-19, particularly when the breadth of 
data capture is large enough to include both outpatient 
and inpatient COVID-19 cases and to have sufficient 
sample sizes to describe the associations between patient 
factors and outcomes. In this study, we bring together 
data from across Europe to summarise the incidence of 
venous and arterial thromboembolism and death among 
people with COVID-19, describe the association between 
patient factors and risks of such events, and assess the 
association between venous thromboembolism and 
arterial thromboembolism and worse health outcomes 
for the patients affected.

Methods 
Study design and participants 
We conducted a network cohort study using routinely 
collected health-care data from across Europe. All 
datasets were mapped to the Observational Medical 
Outcomes Partnership common data model and the 
study was run in a distributed manner, with common 
analytical code run by each site and aggregated results 
returned without the need to share patient-level data 
between sites.13–15

Routinely collected health-care data from Germany, 
Italy, the Netherlands, Spain, and the UK informed the 
analyses. IQVIA Disease Analyzer (DA) Germany 
captures data from patient management software used by 
general practitioners and specialists practicing in 
ambulatory care settings, while IQVIA Longitudinal 
Patient Database (LPD) Italy includes anonymised patient 
records collected from software used by general 
practitioners. The Integrated Primary Care Information 

(IPCI) database collects data from electronic health-care 
records of patients registered with general practitioners 
throughout the Netherlands.16 The Clinical Practice 
Research Datalink (CPRD) Aurum database contains data 
contributed by general practitioners from the UK.17 The 
Information System for Research in Primary Care 
(SIDIAP) is a primary care records database that covers 
approximately 80% of the population of Catalonia, Spain. 
SIDIAP was linked to Conjunto Mínimo de Datos Básicos 
al Alta Hospitalaria (CMBD-AH), which includes 
diagnosis and procedures registered during hospital 
admissions.18

The feasibility of running the study was also assessed 
for IQVIA LPD France, a computerised network of 
physicians, including general practitioners who con-
tribute to a centralised database of anonymised patient 
electronic medical records.19 At the time of assessing 
feasibility, this database did not capture death and had 
only partial capture of arterial thromboembolism and 
venous thromboembolism and therefore this database 
was omitted.

Two cohorts were defined for the primary analyses. 
First, a cohort of people who were diagnosed with 
COVID-19 or had a positive RT-PCR test result for 
SARS-CoV-2 were identified. The first occurrence of 
either was used as the index date for a given person. The 
second cohort was people hospitalised with COVID-19, 
available only in SIDIAP CMBD-AH data. These 
individuals had a hospitalisation with a COVID-19 
diagnosis or PCR-positive test between 21 days before or 
up to 3 days after their hospital admission. For this 
cohort, date of hospital admission was taken as the index 
date. For the primary analyses, individuals were also 
required to have at least 1 year of observation time 
available before their index date. Cohorts were also 
identified for sensitivity analysis: (1) solely based on 
clinical diagnoses; (2) solely based on clinical diagnoses 

Research in context

Evidence before this study
Several systematic reviews have summarised the existing 
evidence base on thrombosis in COVID-19, and we did further 
searches of PubMed, with no language restrictions, up to 
Feb 1, 2022, to identify additional recently published studies. 
Although more than 100 studies have been published, most 
have focused on patients hospitalised with COVID-19. Across 
these, the prevalence of venous thromboembolism has been 
estimated to be around 9%, whereas the prevalence of arterial 
thromboembolism was 4%, although specific estimates varied 
substantially across studies. To date, little research has been 
published on thrombosis among outpatient COVID-19 cases.

Added value of this study
In this study we bring together data from five European 
countries to study venous thromboembolism, arterial 

thromboembolism, and death among COVID-19 cases. 
Over 900 000 COVID-19 cases were included in the study, 
allowing for a detailed summary of the occurrence of these 
events of interest. For one data source, which had patient-
level linkage to hospitalisation data, the risks in patients 
hospitalised with COVID-19 were also characterised.

Implications of all the available evidence
Risks of venous and arterial thromboembolism were close to 
1% for COVID-19 cases and 4% in hospitalised patients. 
The occurrence of these events was associated with worse 
outcomes for those affected. These findings underline the 
widespread negative consequences associated with COVID-19 
and emphasise the importance of developing effective 
treatment strategies that reduce the frequency of 
thromboembolism in patients with COVID-19.

For the Integrated Primary Care 
Information database see 
https://www.ipci.nl

For Information System for 
Research in Primary Care see 
https://www.sidiap.org

https://www.ipci.nl
https://www.sidiap.org
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and with a broader algorithm, including less specific 
codes for identifying COVID-19 diagnoses; (3) solely 
based on RT-PCR testing; and (4) solely based on 
SARS-CoV-2 testing, but with antigen tests included as 
well as RT-PCR tests. All the aforementioned cohorts 
were also identified without the requirement for having a 
1 year observation time before study enrolment.

Because of the particular heterogeneity in testing and 
diagnostic practices and data capture during the first 
wave of COVID-19 in Europe, here we report results for 
individuals with an index date on or after Sept 1, 2020.
Cut-off dates for inclusion were in early 2021 and varied 
between the databases. Results for March 1, 2020, 
onwards and for March 1 to Aug 31, 2020 are reported in 
the appendix (pp 21–23, 25).

The protocol for this research was reviewed by 
the European Medicines Agency and approved by 

the Independent Scientific Advisory Committee for the 
Medicines and Healthcare products Regulatory Agency 
Database Research (protocol number 20_000211), the 
Institut d’Investigacio en Atencio Primaria Jordi Go 
Clinical Research Ethics Committee (project code: 
21/007-PCV), and the IPCI governance board (application 
number 3/2021). Some databases used (IQVIA LPD Italy, 
IQVIA LPD France, and IQVIA DA Germany) in these 
analyses are commercially available, syndicated data 
assets that are licensed by contributing authors for 
observational research. These assets are de-identified, 
commercially available data products that could be 
purchased and licensed by any researcher. As these data 
are deemed commercial assets, there is no institutional 
review board applicable to the usage and dissemination 
of these result sets or required registration of the protocol 
with additional ethics oversight. Compliance with data 

See Online for appendix

COVID-19 diagnosis or PCR-positive test result Hospitalised with 
COVID-19 (SIDIAP 
CMBD-AH, Spain; 
N=32 329)

CPRD Aurum 
(UK; N=415 369)

IQVIA DA Germany 
(N=38 657)

IPCI (Netherlands; 
N=38 847)

IQVIA LPD Italy 
(N=25 759)

SIDIAP CMBD-AH 
(Spain; N=390 841)

Earliest index date Sept 1, 2020 Sept 1, 2020 Sept 1, 2020 Sept 1, 2020 Sept 1, 2020 Sept 1, 2020

Latest index date Jan 30, 2021 March 31, 2021 March 3, 2021 July 31, 2021 June 22, 2021 June 22, 2021

Age, years 43 (30–56) 47 (31–60) 46 (28–59) 52 (38–65) 42 (23–56) 67 (53–79)

<20 14 264 (3·4%) 3977 (10·3%) 5118 (13·2%) 1108 (4·3%) 79 566 (20·4%) 349 (1·1%)

20–29 84 262 (20·3%) 5031 (13·0%) 5414 (13·9%) 2841 (11·0%) 48 488 (12·4%) 859 (2·7%)

30–39 83 089 (20·0%) 5784 (15·0%) 4902 (12·6%) 3160 (12·3%) 53 406 (13·7%) 1761 (5·4%)

40–49 79 232 (19·1%) 6086 (15·7%) 6497 (16·7%) 4524 (17·6%) 70 626 (18·1%) 3525 (10·9%)

50–59 78 650 (18·9%) 7637 (19·8%) 7766 (20·0%) 5511 (21·4%) 56 855 (14·5%) 5389 (16·7%)

60–69 41 324 (9·9%) 4507 (11·7%) 4724 (12·2%) 3756 (14·6%) 34 748 (8·9%) 6028 (18·6%)

70–79 18 367 (4·4%) 2320 (6·0%) 2748 (7·1%) 2638 (10·2%) 23 348 (6·0%) 6521 (20·2%)

≥80 16 181 (3·9%) 3315 (8·6%) 1678 (4·3%) 2221 (8·6%) 23 804 (6·1%) 7897 (24·4%)

Sex

Male 186 872 (45·0%) 17 584 (45·5%) 17 497 (45·0%) 11 328 (44·0%) 186 912 (47·8%) 17 790 (55·0%)

Female 228 497 (55·0%) 21 073 (54·5%) 21 350 (55·0%) 14 431 (56·0%) 203 929 (52·2%) 14 539 (45·0%)

Smoker 99 878 (24·0%) 1305 (3·4%) 4001 (10·3%) 2771 (10·8%) 68 504 (17·5%) 6891 (21·3%)

Years of previous observation time 11·9 (4·6–22·5) 6·9 (3·8–12·4) 6·8 (4·8–9·6) 9·1 (6·2–9·4) 14·8 (13·2–15·1) 15·0 (14·8–15·1)

Comorbidities

Autoimmune disease 6925 (1·7%) 2570 (6·6%) 416 (1·1%) 1403 (5·4%) 6269 (1·6%) 1105 (3·4%)

Antiphospholipid syndrome 202 (<0·1%) 0 0 0 190 (<0·1%) 27 (0·1%)

Thrombophilia 484 (0·1%) 81 (0·2%) 0 (0·0%) 0 (0·0%) 422 (0·1%) 71 (0·2%)

Asthma 47 723 (11·5%) 4815 (12·5%) 2755 (7·1%) 2823 (11·0%) 24 202 (6·2%) 2309 (7·1%)

Atrial fibrillation 7268 (1·7%) 960 (2·5%) 841 (2·2%) 941 (3·7%) 10 657 (2·7%) 3776 (11·7%)

Malignant neoplastic disease 15 927 (3·8%) 2958 (7·7%) 2488 (6·4%) 2395 (9·3%) 22 857 (5·8%) 6043 (18·7%)

Diabetes 32 026 (7·7%) 5153 (13·3%) 2638 (6·8%) 2417 (9·4%) 31 297 (8·0%) 8415 (26·0%)

Obesity 15 538 (3·7%) 5419 (14·0%) 1142 (2·9%) 387 (1·5%) 69 233 (17·7%) 11 358 (35·1%)

Heart disease 26 336 (6·3%) 8608 (22·3%) 3171 (8·2%) 5038 (19·6%) 42 332 (10·8%) 11 238 (34·8%)

Hypertensive disorder 55 073 (13·3%) 12 231 (31·6%) 4964 (12·8%) 8210 (31·9%) 64 768 (16·6%) 15 640 (48·4%)

Renal impairment 16 401 (3·9%) 2176 (5·6%) 979 (2·5%) 894 (3·5%) 18 782 (4·8%) 6877 (21·3%)

Chronic obstructive pulmonary disease 6998 (1·7%) 3473 (9·0%) 774 (2·0%) 739 (2·9%) 10 685 (2·7%) 3790 (11·7%)

Dementia 5465 (1·3%) 1673 (4·3%) 262 (0·7%) 269 (1·0%) 7327 (1·9%) 1883 (5·8%)

(Table 1 continues on next page)
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use agreement terms, which stipulate how these data can 
be used and for what purpose, is sufficient for the 
licensing commercial entities. Further inquiry related to 
the governance oversight of these assets can be made 
with the respective commercial entity. Because the study 
was based on routinely collected data, further patient 
consent was not required. The study protocol was 
registered in the European Union electronic register of 
post-authorisation studies (number EUPAS40414).

Study outcomes and covariates
The primary study outcomes were venous throm-
boembolic events, arterial thromboembolic events, and 
death, all over 90 days from the index date. Venous 
thromboembolism was identified by diagnostic codes for 
either pulmonary embolism or deep vein thrombosis. 
Arterial thromboembolic events were identified as a 
composite of an acute myocardial infarction or acute 
ischemic stroke. Death was identified in all databases 
except for IQVIA DA Germany, in which it is not reliably 
captured. Code lists used for outcome ascertainment 
have been previously reported.20

The demographics of study participants are summarised, 
along with previous health conditions and medication use. 
Health conditions and medications of interest were 
prespecified based on discussions with key stakeholders 
and after reviewing the literature, and approved at protocol 
stage by the study funders. Comorbidities were identified 

on the basis of prespecified Systemized Nomenclature of 
Medicine codes in all available history before the index 
date, and consisted of autoimmune disease, anti-
phospholipid syndrome, thrombophilia, asthma, atrial 
fibrillation, malignant neoplastic disease, diabetes, obesity, 
heart disease, hypertensive disorder, renal impairment, 
chronic obstructive pulmonary disease, and dementia. 
Previous medication use was characterised using RxNorm 
codes and based on prescriptions or dispensations in the 
4–183 days before the index date. Medications extracted 
were antithrombotic and anticoagulant therapies, 
non-specific non-steroidal anti-inflammatory drugs, Cox-2 
inhibitors, systemic corticosteroids, lipid modifying 
agents, antineoplastic and immune-modulating agents, 
hormonal contraceptives for systemic use, tamoxifen, and 
sex hormones and modulators of the genital system. 
Smoking (ever vs never) was also assessed based on 
diagnostic codes and observations recorded any time 
before the index date.

Statistical analysis 
The 90-day cumulative incidence of study outcomes was 
estimated, overall and stratified by age and sex. 
Cumulative incidence was estimated using the Kaplan-
Meier approach for IQVIA DA Germany, where deaths 
were not reliably captured. To account for the competing 
risk of death, we used cumulative incidence functions for 
the other four databases.

COVID-19 diagnosis or PCR-positive test result Hospitalised with 
COVID-19 (SIDIAP 
CMBD-AH, Spain; 
N=32 329)

CPRD Aurum 
(UK; N=415 369)

IQVIA DA Germany 
(N=38 657)

IPCI (Netherlands; 
N=38 847)

IQVIA LPD Italy 
(N=25 759)

SIDIAP CMBD-AH 
(Spain; N=390 841)

(Continued from previous page)

Medication use (4–183 days before index date)

Non-steroidal anti-inflammatory drugs 11 435 (2·8%) 5192 (13·4%) 3188 (8·2%) 5816 (22·6%) 55 929 (14·3%) 5415 (16·7%)

Cox2 inhibitors 289 (0·1%) 476 (1·2%) 217 (0·6%) 610 (2·4%) 2039 (0·5%) 279 (0·9%)

Systemic corticosteroids 5299 (1·3%) 938 (2·4%) 1425 (3·7%) 2577 (10·0%) 9248 (2·4%) 2209 (6·8%)

Antithrombotic and anticoagulant therapies 4958 (1·2%) 2026 (5·2%) 1430 (3·7%) 2496 (9·7%) 8063 (2·1%) 2592 (8·0%)

Lipid modifying agents 9542 (2·3%) 1939 (5·0%) 1519 (3·9%) 2323 (9·0%) 6612 (1·7%) 1633 (5·1%)

Antineoplastic and immunomodulating agents 2869 (0·7%) 242 (0·6%) 1831 (4·7%) 566 (2·2%) 3624 (0·9%) 435 (1·3%)

Hormonal contraceptives for systemic use 11 426 (2·8%) 381 (1·0%) 1768 (4·6%) 354 (1·4%) 5057 (1·3%) 208 (0·6%)

Tamoxifen 97 (<0·1%) 17 (<0·1%) 32 (0·1%) 17 (0·1%) 116 (<0·1%) 11 (<0·1%)

Sex hormones and modulators of the genital system 15 667 (3·8%) 481 (1·2%) 2145 (5·5%) 668 (2·6%) 6212 (1·6%) 306 (0·9%)

Immunoglobulins 0 0 12 (<0·1%) 14 (0·1%) 236 (0·1%) 60 (0·2%)

Summary variables

One or more conditions of interest* 73 036 (17·6%) 12 925 (33·4%) 6749 (17·4%) 6557 (25·5%) 111 113 (28·4%) 20 630 (63·8%)

One or more medications of interest† 31 246 (7·5%) 6263 (16·2%) 6207 (16·0%) 7210 (28·0%) 66 929 (17·1%) 7290 (22·5%)

One or more conditions or medications of interest*† 97 723 (23·5%) 16 593 (42·9%) 11 532 (29·7%) 11 289 (43·8%) 155 747 (39·8%) 23 271 (72·0%)

Data are n (%) or median (IQR). CPRD Aurum=Clinical Practice Research Datalink Aurum database. IPCI=Integrated Primary Care Information database. IQVIA DA Germany=IQVIA Disease Analyzer Germany 
database. IQVIA LPD Italy=IQVIA Longitudinal Patient Database Italy. SIDIAP CMBD-AH=Information System for Research in Primary Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria data. *Conditions 
of interest: autoimmune disease, antiphospholipid syndrome, thrombophilia, asthma atrial fibrillation, malignant neoplastic disease, diabetes, obesity, or renal impairment. †Medications of interest: 
non-steroidal anti-inflammatory drugs, Cox2 inhibitors, systemic corticosteroids, hormonal contraceptives, tamoxifen, and sex hormones and modulators of the genital system.

Table 1: Patient characteristics 

For IQVIA see https://www.iqvia.
com

https://www.iqvia.com
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Cause-specific Cox models were used to describe the 
association between prespecified explanatory variables of 
interest and risks of venous thromboembolism, arterial 
thromboembolism, and death. The association between 
age and outcomes was studied stratified by sex and using 
restricted cubic splines to account for non-linearity 
where their use led to a lower Akaike information 
criterion compared with a linear fit. The association with 
sex was estimated with models adjusted for age. Finally, 
the association between comorbidities or medications 
and outcomes was estimated from unadjusted and 
age-adjusted and sex-adjusted models. Models were fit 
only where at least 40 outcomes were observed.

The effect of venous thromboembolism and arterial 
thromboembolism on COVID-19 outcomes was explored 
using a multistate model. Multistate models allow for a 
consideration of individuals’ progression to multiple 

events of interest, extending on competing risk models 
by also describing transitions to intermediate events,21 
and we previously developed such a model to describe 
patient outcomes during the first wave of COVID-19 in 
Catalonia, Spain.4 We used a similar framework, where 
individuals start in a general population and COVID-19-
free state and then can progress to states of outpatient 
COVID-19 diagnosis or PCR test positive, hospitalised 
with COVID-19, and death. The model was informed 
using data from SIDIAP CMBD-HA as this dataset was 
the only one to capture information on all of the states. 
The starting population was people in the SIDIAP 
CMBD-AH who, as of Sept 1, 2020, had at least 1 year of 
previous history captured in the database, had no 
previous history of COVID-19 or positive test for 
SARS-CoV-2, and no history of venous thromboembolism 
or arterial thrombo embolism in the 1 year before. Venous 
thromboembolism and arterial thromboembolism were 
then assessed, separately, as time-dependent exposures 
for the following transitions: (1) from outpatient 
COVID-19 diagnosis or PCR test positive to hospitalised 
with COVID-19, (2) from outpatient COVID-19 diag nosis 
or PCR test positive to death (without a COVID-19 
hospitalisation in between), and (3) from being 
hospitalised with COVID-19 to death. As above, models 
were adjusted for age and sex. The framework used for 
the multistate modelling is depicted in the appendix 
(p 1). All analytical code is available at GitHub.

This study is registered with the EU Electronic Register 
of Post-Authorisation Studies (EUPAS40414). 

Role of the funding source 
The funder provided feedback on the study protocol 
(study design, data collection, and data analysis) but had 
no role in the data interpretation or the decision to 
submit the manuscript for publication.

Results 
In total, 909 473 people with an index date on or after 
Sept 1, 2020, were included (415 369 from CPRD Aurum 
[the UK], 38 657 from IQVIA DA Germany, 38 847 from 
IPCI [the Netherlands], 25 759 from IQVIA LPD Italy, 
and 390 841 from SIDIAP CMBD-AH [Spain]). In 
addition, a cohort of 32 329 patients hospitalised with 
COVID-19 were identified from SIDIAP CMBD-AH. The 
median age of people with a COVID-19 diagnosis or 
PCR-positive test result ranged from 42 years (IQR 23–56) 
in SIDIAP CMBD-AH to 52 years (38–65) in IQVIA LPD 
Italy. In all databases, more COVID-19 cases were female 
than male (table 1). The proportion of individuals with a 
comorbidity or previous use of medication of interest 
ranged from 24% (97 723 of 415 369) in CPRD Aurum to 
44% (11 289–of 25 759) in IQVIA LPD Italy. Those 
hospitalised with COVID-19 had a median age of 67 years 
(53–79), the majority were male, and 23 271 (72%) of 
32 329 had a comorbidity or had previously used a 
medication of interest (table 1). The latest index date 

For the analytical code see 
https://www.github.com/

oxford-pharmacoepi/
CoagulopathyInCovid19

Events Cumulative incidence*

Venous thromboembolism

COVID-19 diagnosis or PCR-positive test result

CPRD Aurum (UK) 930 0·27% (0·26–0·29)

IQVIA DA Germany 110 0·44% (0·36–0·53)

IQVIA LPD Italy 56 0·27% (0·21–0·35)

IPCI (Netherlands) 60 0·21% (0·16–0·27)

SIDIAP CMBD-AH (Spain) 3519 0·80% (0·77–0·83)

Hospitalised with COVID-19

SIDIAP CMBD-AH (Spain) 3262 4·52% (4·37–4·68)

Arterial thromboembolism

COVID-19 diagnosis or PCR-positive test result

CPRD Aurum (UK) 165 0·06% (0·05–0·07)

IQVIA DA Germany 42 0·18% (0·12–0·23)

IQVIA LPD Italy 14 0·06% (0·04–0·11)

IPCI (Netherlands) 28 0·10% (0·07–0·15)

SIDIAP CMBD-AH (Spain) 3476 0·79% (0·77–0·82)

Hospitalised with COVID-19

SIDIAP CMBD-AH (Spain) 2174 3·08% (2·96–3·21)

Death†

COVID-19 diagnosis or PCR-positive test result

CPRD Aurum (UK) 4792 1·35% (1·31–1·39)

IPCI (Netherlands) 344 1·08% (0·96–1·20)

IQVIA LPD Italy 364 1·66% (1·49–1·83)

SIDIAP CMBD-AH (Spain) 7609 1·99% (1·95–2·03)

Hospitalised with COVID-19

SIDIAP CMBD-AH (Spain) 4649 14·61% (14·22–15·00)

Data are n or % (95% CI). CPRD Aurum=Clinical Practice Research Datalink Aurum 
database. IPCI=Integrated Primary Care Information database. IQVIA DA 
Germany=IQVIA Disease Analyzer Germany database. IQVIA LPD Italy=IQVIA 
Longitudinal Patient Database Italy. SIDIAP CMBD-AH=Information System for 
Research in Primary Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria 
data. *Cumulative incidence at 90 days for venous thromboembolism and arterial 
thromboembolism was calculated based on Kaplan-Meier for IQVIA DA Germany 
and on cumulative incidence functions for other databases. †Death is not reliably 
captured in IQVIA DA Germany. 

Table 2: 90-day cumulative incidence of venous thromboembolism, 
arterial thromboembolism, and fatality in COVID-19 cases

https://www.github.com/oxford-pharmacoepi/CoagulopathyInCovid19
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observed in a database ranged from Jan 30, 2021, in 
CPRD Aurum to July 31, 2021, for IQVIA LPD Italy.

The 90-day cumulative incidence of venous thrombo-
embolism among people with a COVID-19 diagnosis or 
PCR-positive test ranged from 0·21% (95% CI 0·16–0·27) 
in IPCI to 0·80% (0·77–0·83) in SIDIAP CMBD-AH, and 
was higher at 4·52% (4·37–4·68) for those hospitalised. 
For arterial thromboembolism, 90-day cumulative 
incidence ranged from 0·06% (0·05–0·07) in CPRD 
Aurum and 0·06% (0·04–0·11) in IQVIA LPD Italy 
to 0·79% (0·77–0·82) in SIDIAP CMBD-AH, and 
increased to 3·08% (2·96–3·21) among those hospitalised. 
Meanwhile, 90-day fatality among COVID-19 cases ranged 
between 1·08% (0·96–1·20) in IPCI to 1·99% (1·95–2·03) 
in SIDIAP CMBD-AH. 90-day fatality rose to 14·61% 
(14·22–15·00) among those hospitalised (table 2).

Incidence of venous thromboembolism, arterial 
thromboembolism, and death among people with a 
COVID-19 diagnosis or positive PCR test were generally 
higher among those aged 65 years and older (figure 1, 
appendix pp 2–13). For those hospitalised with COVID-19, 
although risks of arterial thromboembolism and death 
were also higher in older ages, this pattern was not seen 
for venous thrombo embolism (appendix p 24). In models 
with age as the sole explanatory variable, risks of death 
were highest among those at the oldest ages in all databases 
in which deaths were captured (figure 2). Similarly, risks of 
arterial thromboembolism were increased for higher ages, 
but this increase was to a far lesser degree than for death. 
For venous thromboembolism, risks were higher as age 
increased, but peaked to then plateau or fall at around 
age 70 years in some databases. In models adjusted for 

Figure 1: Cumulative incidence of venous thromboembolism, arterial thromboembolism, and death in COVID-19 cases
Data are stratified by age and sex. Estimates (solid lines) are presented with 95% CIs (dashed lines). Index date refers to the date of first COVID-19 diagnosis or positive RT-PCR test result. CPRD 
Aurum=Clinical Practice Research Datalink Aurum database. IPCI=Integrated Primary Care Information database. IQVIA DA Germany=IQVIA Disease Analyzer Germany database. IQVIA LPD Italy=IQVIA 
Longitudinal Patient Database Italy. SIDIAP CMBD-AH=Information System for Research in Primary Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria data.
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age, being male was associated with an increased risk of 
arterial thromboembolism and death for all databases 
(figure 3). Risks of venous thromboembolism were higher 
in male than in female individuals in CPRD Aurum, IPCI, 
and SIDIAP CMBD-AH, but not in IQVIA DA Germany 
or IQVIA LPD Italy (figure 3).

Most of the prespecified medications and comor-
bidities were associated with an increased risk of 
venous thromboembolism, arterial thromboembolism, 
and death among people with a COVID-19 diagnosis or 
positive PCR test in unadjusted models (figure 4). 
However, adjustment for age and sex attenuated most 
of the observed asso ciations (figure 4). For arterial 
thromboembolism, consistent increases in risk were 
seen among those with a history of heart disease (in all 
databases) or hypertensive disorder (in all except IQVIA 
DA Germany in the adjusted model). Associations were 
more consistent for risk of death: corticosteroid use, 
diabetes, and renal impairment were all, for example, 
associated with an increased risk of death across most, 
if not all, databases.

Venous thromboembolism events in the outpatient 
setting (after COVID-19 diagnosis or PCR-positive test 

but before hospitalisation) were associated with worse 
outcomes, with age-sex-adjusted hazard ratios (HRs) 
of 1·36 (95% CI 0·95–1·96) for hospitalisation and 4·42 
(3·07–6·36) for death without hospitalisation. Inpatient 
venous thromboembolism (on or after date of hospital 
admission) was also associated with an increased risk of 
death (1·63 [1·39–1·90]; appendix p 14). Outpatient 
arterial thromboembolism was associated with an 
increased risk of death without hospitalisation (3·16 
[2·65–3·75]) but not with risk of hospitalisation (1·05 
[0·89–1·25]). Similarly, arterial thromboembolism on or 
after the date of hospital admission was associated with 
an adjusted HR of 1·93 (1·57–2·37) for death. Baseline 
characteristics for people at each transition in the 
multistate model are detailed in the appendix (pp 16–20).

In general, individuals identified before Sept 1, 2020, 
were older than those included from Sept 1, 2020, 
onwards (appendix p 22), and risk of death was higher in 
individuals identified before Sept 1, 2020, than in those 
identified from Sept 1, 2020, onwards (appendix p 25). 
Although for most databases results were similar 
regardless of how COVID-19 cases were identified, in 
CPRD Aurum risks were higher among those with a 

Figure 2: Association of age with risks of venous thromboembolism, arterial thromboembolism, and death in COVID-19 cases, stratified by sex 
Data are estimates (solid lines) with 95% CIs (dashed lines), relative to age 65 years. Too few outcomes were observed to fit models for arterial thromboembolism for IPCI and IQVIA LPD Italy. CPRD 
Aurum=Clinical Practice Research Datalink Aurum database. IPCI=Integrated Primary Care Information database. IQVIA DA Germany=IQVIA Disease Analyzer Germany database. IQVIA LPD Italy=IQVIA 
Longitudinal Patient Database Italy. SIDIAP CMBD-AH=Information System for Research in Primary Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria data.
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clinical diagnosis than in those with a positive 
SARS-CoV-2 test (appendix p 26). Requiring a year of 
previous history had minimal effect on results 
(appendix p 27). All study results can be further explored 
in an online application. 

Discussion 
In this study we have estimated the incidence of 
venous thromboembolism and arterial thrombo embolism 
among people with COVID-19. For people with a positive 
PCR test or a diagnosis of COVID-19, 90-day cumulative 
incidence ranged from 0·2% to 0·8% for venous 
thromboembolism and 0·1% to 0·8% for arterial 
thromboembolism. The highest estimates came from a 
database with patient-level linkage to hospital records. 
Incidence of these events increased to 4·5% for venous 
thromboembolism and 3·1% for arterial thrombo-
embolism in those hospitalised with COVID-19. 90-day 
fatality was between 1·1% and 2·0% among COVID-19 
cases and increased to 14·6% for those hospitalised.

Although fatality was much higher for those people at 
oldest ages, the increase in risks of arterial thrombo-
embolism for higher ages was less pronounced and 
risks of venous thromboembolism appeared to peak at 
around age 70 years in some databases. After adjusting 
for age, men were generally at an increased risk of 
venous thromboembolism, arterial thromboembolism, 
and death. In addition, various comorbidities and 
previous medications were associated with an increased 
risk of venous thromboembolism, arterial thrombo-
embolism, and death in unadjusted models, but 
estimates were generally attenuated after age and sex 
adjustment.

The occurrence of venous thromboembolism and 
arterial thromboembolism were both associated with 
worse COVID-19-related health outcomes for patients. 
The occurrence of venous thromboembolism before 
hospitalisation with COVID-19 was associated with 
increased risks of hospital admission and death 
(without an intermediate hospi talisation) following a 
COVID-19 diagnosis, and venous thromboembolism 
and arterial thromboembolism occurring after hospital-
isation with COVID-19 were also associated with 
increased inpatient fatality.

Previous research predating the advent of COVID-19 
indicated that risks of venous thromboembolism 
and arterial thromboembolism are heightened after 
respiratory infections.22,23 Numerous studies have been 
undertaken to describe the prevalence of these events in 
COVID-19; however, these have predominantly focused 
on patients hospitalised with COVID-19, and even for 
this population estimates have varied substantially.2,3 
Overall, across studies that did not only include patients 
in the ICU, the prevalence of venous thromboembolism 
during admission was around 9% and the prevalence of 
arterial thromboembolism was 4%.2 In our study, 
among people hospitalised with COVID-19, the 90-day 

cumulative incidence of venous thromboembolism was 
estimated to be 4·5% and of arterial thromboembolism 
was estimated to be 3·1%. Data on the incidence of these 
events among COVID-19 cases in general are scarce. As 
would be expected, in our study we found rates among all 
COVID-19 patients to be lower than among those 
hospitalised. Considering the vast numbers of people 
who have been infected with SARS-CoV-2, these relatively 
small risks translate into large numbers of people 

Figure 3: Association of male sex (compared with female sex) with risks of venous thromboembolism, arterial 
thromboembolism, and death in COVID-19 cases, adjusted for age
Horizontal lines represent 95% CIs. Too few outcomes were observed to fit models for arterial thromboembolism 
for IPCI and IQVIA LPD Italy. CPRD Aurum=Clinical Practice Research Datalink Aurum database. IPCI=Integrated 
Primary Care Information database. IQVIA DA Germany=IQVIA Disease Analyzer Germany database. IQVIA LPD 
Italy=IQVIA Longitudinal Patient Database Italy. SIDIAP CMBD-AH=Information System for Research in Primary 
Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria data.
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being affected. Estimates were higher for the dataset 
with hospital linkage (SIDIAP CMBD-AH), probably 
indicating underreporting in datasets based solely on 
primary care records. It should also be noted that people 
with COVID-19 but who did not have an interaction with 
the health system were not captured.

In general, risks of venous thromboembolism and 
arterial thromboembolism can be expected to increase 
with age.24 However, among COVID-19 patients we 
see, at least in some databases, risks of venous 
thromboembolism to peak around age 70 years. This is 
probably largely explained by the substantial competing 
risk of death for those with COVID-19, which is much 
increased with older age. Men have previously been 
associated with an increased risk of venous thrombo-
embolism.25 Similarly, men have also been seen to have an 
increased risk of arterial thromboembolism.26,27 In our 
study we similarly found men to be at an increased risk of 

both arterial thromboembolism and, in most databases, 
venous thromboembolism. Men were also associated with 
an increased risk of death among those with COVID-19 in 
our study, consistent with previous research.5,8,9

We have assessed the association of various comor-
bidities and previous medication use with risks of venous 
thromboembolism, arterial thromboembolism, and 
death among people with COVID-19. Whereas most of 
these were associated with increased risk of all 
three outcomes in unadjusted models, age and sex 
adjustment attenuated most of these associations. 
Findings for fatality were generally consistent across 
databases, with previous use of corticosteroids and 
comorbidities such as diabetes and heart disease 
associated with an increased risk of death. These findings 
are consistent with previous research.7–10 For venous 
thromboembolism and arterial thrombo embolism, 
age-adjusted and sex-adjusted estimates were somewhat 

Figure 4: Unadjusted and age-sex-adjusted hazard ratios for association of selected medications and comorbidities with venous thromboembolism, arterial thromboembolism, and death
Horizontal lines represent 95% CIs. Too few outcomes were observed to fit models forarterial thromboembolism for IPCI and IQVIA LPD Italy. CPRD Aurum=Clinical Practice Research Datalink Aurum 
database. IPCI=Integrated Primary Care Information database. IQVIA DA Germany=IQVIA Disease Analyzer Germany database. IQVIA LPD Italy=IQVIA Longitudinal Patient Database Italy. 
SIDIAP CMBD-AH=Information System for Research in Primary Care Conjunto Mínimo de Datos Básicos al Alta Hospitalaria data.
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mixed. For arterial thromboembolism, heart disease and 
hypertension were associated with an increased risk in 
people with COVID-19 in almost all analyses, consistent 
with their associations in the general population.24 
However, only a few of these factors appeared associated 
with increased risks of venous thrombo embolism among 
those with COVID-19.

This study relies on routinely collected health-care 
data, predominantly from outpatient records. While this 
has allowed for large study populations to be identified 
and included, the absence of linkage to hospital data is 
a limitation for all databases other than SIDIAP 
CMBD-AH. Absence of hospital linkage can be expected 
to lead to some degree of incompleteness for the overall 
study populations and has meant that outcomes for 
those hospitalised could be described only for SIDIAP 
CMBD-AH. With over 30 000 hospitalised patients 
included, this has allowed for a detailed analysis of risks 
of venous thromboembolism and arterial thrombo-
embolism among people in such a setting.

As seen with other health conditions, analyses of 
so-called risk factors in COVID-19 are fraught with 
difficulties. Collider bias due, for example, to restricting 
analyses to people who have been diagnosed or 
hospitalised with COVID-19 can result in associations that 
do not exist in the general population or even reversing 
the sign of existing associations.28 Meanwhile, modelling 
approaches that involve the mutual adjustment for various 
factors of interest in the absence of a causal frame-
work can lead to the so called table 2 fallacy, as seen, for 
example, in interpretations around smoking and mortality 
in COVID-19.29,30 Finally, unresolved confounding by 
indication precludes the causal inter pretation around the 
observed associations between medicine use and risks of 
study outcomes. In our study, COVID-19 cases were 
identified based on clinical diagnoses or positive PCR 
tests. There is a risk of collider bias if, for example, PCR 
testing is focused on specific at-risk populations. Although 
this was the case during the first wave of the pandemic 
when the availability of testing was scarce, we report 
results here from Sept 1, 2020, onwards, at which point 
testing for SARS-CoV-2 was far more widely available. In 
addition, in our study, in which the research questions 
were descriptive in nature, we have used a modelling that 
at most adjusted for age and sex.

Drawing on routinely collected data from across 
Europe, in this study we have further described the 
epidemiology of venous thromboembolism and arterial 
thromboembolism in COVID-19. Although risks are 
relatively low overall, they increase with age, among 
men, and in those with certain risk factors. When they 
occur, venous thromboembolism and arterial thrombo-
embolism are associated with worse outcomes, 
including hospitalisation and fatality. The absolute 
burden of thrombosis is high given the vast numbers of 
people who have been infected, and the consequences 
of these events to their health. The prevention of venous 

thrombo embolism and arterial thromboembolism 
remains, therefore, at the forefront in the management 
of severe COVID-19. More data are needed on the risk–
benefit of anticoagulation among patients with less 
severe disease and younger patients who are often 
treated in outpatient settings.
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